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Abstract
This paper focuses on stream water testing that took place on the
Marshyangdi River, Jharsang Khola and the Kali Gandaki River that are
located along the Annapurna Circuit Trek within the Annapurna
Conservation Area. Sampling was undertaken from May 16, 2011 to May
28, 2011. A total of 7 samples were taken from the Marshyangdi River, 1
sample from a branch of the Marshyangdi River ( Jharsang Khola), and 5
from the Kali Gandaki River at various accessible points along the trek.
An effort was made to sample both upstream and downstream of a village
to assess any difference between the two results. Analysis was conducted
for Aluminum (Al3+), free Chlorine (Cl), Iron (Fe), Nitrite (NO2-), and
Nitrate (NO3-), Ammonia (NH3/NH4+), General Hardness (Ca and Mg)
and the presence of Coliform and E. coli. The results for the
concentrations of aluminum, chlorine, and iron are all higher at sites
upstream from Tal and Manang relative to downstream concentrations.
This indicates that the variations are not likely related to inputs from
villages but most likely the result of local geology or upstream agricultural
activity. Nitrite was detected in higher concentrations at sites downstream
of both Tal and Manang relative to upstream concentrations. This could
indicate an anthropogenic influence from villages. The results for hardness
(Ca and Mg) do not have higher concentrations at downstream sites and
overall concentrations are high. The variations here are most likely the
result of differences in local geology from the calcareous formations
associated with the Central Himalayan Thrust. The results for total
coliforms and E.coli indicate bacterial contamination. This is most likely
the result of poor sanitation, lack proper sewerage systems, animal fecal
matter and fertilizer for agriculture.
Introduction
The majority (86%) of Nepal’s population lives in rural areas and 22%
of these people are without access to safe drinking water (Asian
Development Bank, 2006). In rural areas, many diseases are related to
poor water and sanitation (access to toilets and proper waste management)
(Asian Development Bank, 2006). Water is usually supplied from the
source without treatment or monitoring of quality. River water is used for
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bathing, laundry, vegetable cleaning, drinking water, (Asian Development
Bank, 2006) and agriculture (Osti, 2005). Groundwater is inconvenient for
use in the mountain regions and the collection of rainwater is unreliable,
making stream water very important (Osti, 2005).
Recently, the government of Nepal has initiated the construction of
roads into the Annapurna Conservation Area (ACA) as a part of a key
strategy for poverty reduction (NTNC, 2008b). This construction has
already been completed all the way to Jomsom in the Kali Gandaki Valley
and is continuing elsewhere on the Annapurna Circuit Trek (ACT). The
building of roads could lead to more development in the area and since
ACA is a protected area, it is important that this development not affect
the environment. Rapid unplanned development can lead to impacts on
natural resources and the environment (Karn & Harada, 2001).
Specifically related to water, development can increase the demand and
seriously pollute available resources (Karn & Harada, 2001). Water
chemistry is highly determined by geology and weathering in Himalayan
Rivers (English, Quade, DeCelles & Garzione, 2000; Jenkins et al., 1995),
therefore it is important to have baseline information and to monitor the
stream chemistry in order to assess the impact these behaviours have on
the stream environment. In addition, it is important to monitor the quality
of water to ensure that local pollution from land use and management
practices is not having a negative effect on the ecosystem or public health.
This paper focuses on stream water testing that took place on the
Marshyangdi River, Jharsang Khola and the Kali Gandaki River that are
located along the ACT within the ACA.
Study Area
The Annapurna Conservation Area project is the first and largest
Conservation Area in Nepal (Nature Trust for Nature Conservation
[NTNC], 2008a). It is located in the West-Central Mountain Region and
covers an area of 7,629 km2 (NTNC, 2008a). It has several biogeographical regions with diverse habitats and species and is home to over
120,000 people (NTNC, 2008a). The ACA has a huge altitudinal variation
ranging from 790m to 8091m (NTNC, 2008a). The natural vegetation of
the area is strongly controlled by altitude; in lower subtropical zone (10001700m) Chir Pine forest dominate (Jenkins et al., 1995). The temperate
zone (1700-3000m) is mainly mixed forests of oak, rhododendron, and fir
with blue pine, Himalayan hemlock, spruce and bamboo also present
(Jenkins et al., 1995). In the subalpine zone (3000-3800m), birch and
Himalayan silver fir are present until replaced by juniper and bamboo at
higher altitudes (Jenkins et al., 1995). The beauty of this area has made the
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ACT one of the top trekking destinations in the world (NTNC, 2008a) and
one of the most important tourist destinations in Nepal (NTNC, 2008b).
The geology of this area is poorly documented however in study by
Jenkins et al. (1995) the Annapurna area was noted to have calcareous
formations and dolomite associated with the Central Himalayan Thrust
fault. In the same study, calcium was detected at high concentrations
confirming these formations.
In this area agriculture is almost exclusively limited to terraced
cultivation on either level or sloping terraces (Jenkins et al., 1995). At
high elevations rainwater is held back for irrigation of crops, while at low
elevations stream water is diverted (Jenkins et al., 1995). Temperature,
slope, vegetation and water availability are strongly influenced by altitude;
in this sense altitude strongly affects the type of land use (Jenkins et al.,
1995).
The sampling locations are all within the ACA along the ACT in Nepal.
Sample site locations are shown in Figure 1 below.
Site 6a: Upstream
Site 6b: Downstream of
Site 5b: Downstream Low

Site 4b: Downstream of
Site 4a: Upstream of
Site 4:

Site 7a: Upstream of
Site 3a: Upstream

Site 7: Tatopani Hot
Site 7b: Downstream of

Site 2a: Upstream of
Site 1a: Upstream of

Edited from ALPACA Voyages (n.d.)
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Figure 1 Map of Annapurna Circuit: Location of Sample Sites
Methods
Sampling was undertaken from May 16, 2011 to May 28, 2011,
immediately prior to the monsoon season (June to September) during
which eighty percent of the annual rainfall amount occurs (Warner et al.,
2007; Jenkins et al., 1995). This is in the effort to reduce variability
associated with high flow events. Although this is not when flows at their
lowest because snow fields and glaciers will have experienced some
melting, variations due to rainfall events will be reduced.
Samples were taken from the Marshyangdi River, Jharsang Khola and
the Kali Gandaki Rivers along the ACT as shown in figure 1. A total of 8
samples were taken from the Marshyangdi River (samples 1-4) including 1
from the Jharsang Khola branch (sample 5). In addition 5 samples were
taken from the Kali Gandaki River at various accessible points along the
trek. An effort was made to sample both upstream and downstream of a
village to assess any difference between the two results. Samples were
taken at Sanje, Chamje, Tal, Manang, Low Camp, Kagbeni and Tatopani.
Samples were labelling according to site number along with an “a” for
upstream and a “b” for downstream. In the case of Sanje, Chamje, and low
camp, it was not possible to obtain a sample both upstream and
downstream due to site conditions. At Site 4 (Manang) the sample was
taken from water draining into the river from underground, presumed to be
from Manang. The water had some form of plant algae growth (Figure 2).
The sample at site 7 (Tatopani) was taken from the hot springs located
beside the river. The water from the hot springs ran into the Kali Gandaki
River.
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Figure 2 Photograph of site 4 (Manang) sample location
A sample of 500mL was collected for the analysis of Aluminum (Al3+),
free Chlorine (Cl), Iron (Fe), Nitrite (NO2-), Nitrate (NO3-), Ammonia
(NH3/NH4+), and General Hardness (Ca and Mg). Additionally, a sample
of 100mL was obtained for the analysis of total coliforms and E. coli.
Analysis of samples cwere completed en route at night rest stops as
close to the sampling time as possible and always on the same day. The
analysis of Al3+, Cl, Fe, NO2-, and NO3- were conducted using HACH®
DR/2010 Portable Spectrophotometer. The water was analyzed using the
specified colorimetric analysis for each constituent and were performed
using the preprogramed calibration curves.
Ammonia was measured using API Aquarium Pharmaceuticals®
Ammonia aquarium test strips. The analysis was conducted as described
by the manufacturer and compared to a colour marker indicating
concentration. Freshwater samples were assigned a corresponding
concentration of 0, 0.25, 0.5, 1.0, 2.0, 4.0 or 8.0.
Nutrafin® General Hardness reagent was used to measure the levels of
Calcium and Magnesium in the sample. The analysis was conducted as
described by the manufacturer. The number of drops of reagent added to
the sample was counted until the sample changed colour. The number of
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drops was then multiplied by 20 in order to obtain the concentration in
parts per million.
Coliform and E. coli was analysed on a presence-absence basis, not
indicating the number of microorganisms in a positive result. The 100mL
sample was collected into a sterile bottle containing sodium thiosulphate,
which is intended to stop chlorine disinfection (although not expected to
be present) (Viessman, Hammer, Perez & Chadik, 2009). The sample was
then shaken vigorously followed by adding the contents of one packet of
Colilert® reagent. The reagent contains bacterial nutrients and two
compounds (O-Nitrophenyl-β-d-galactopyanoside and 4Methylumbelliferyl β-d-glucuronide) indicating the growth of total
coliform bacteria and Escherichia coli (E.coli) (Viessman et al., 2009).
The sample then required incubation for 24 hours at 35°C, however, since
no incubator was available incubation was conducted by keeping the
sample next to the skin(body temperature) as was used in a study by Rai,
Ono, Yanagida, Kurokawa and Rai (2009). Upon incubation the Colilert®
is metabolized by any present coliforms changing the colour of the sample
to yellow, indicating a presence of coliforms (Viessman et al., 2009).
Similarly, if the sample glows a fluorescent blue colour under an
ultraviolet light (UV-IL4B, 6-watt, 365nm UV lamp) indicated the
presence of E.coli (Viessman et al., 2009).
Results/Discussion
Chemical Parameters
The results for aluminum are presented in figure 3 below. Along the
Marshyangdi River aluminum was detected at Sites 1a, 2a, 3b, 3a, and 4a.
In the cases of Sites 3 and 4, aluminum appears to have a higher
concentration upstream of Tal and Manang relative to downstream. This
indicates that the variations are likely not related to the inputs from
villages. Along the Kali Gandaki River aluminum was only detected at
Site 7 in the Tatopani hot springs at 0.030 mg/L. There is no established
guideline value for aluminum from the World Health Organization
(WHO) and there is little indication that aluminum ingested orally is
acutely toxic to humans (World Health Organization [WHO], 2011).
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Figure 3 Results for concentration of aluminum (mg/L) for the sites along
the Marshyangdi River
As presented in figure 4, free chlorine was detected at sites 3a, 4 and
4a. In the cases of Sites 3 and 4, free chlorine appears to have a higher
concentration upstream of Tal (site 3) and Manang (site 4) than
downstream. This indicates that the variations are likely not related to the
inputs from villages but could be the result of upstream agricultural
activities. In a study by Jenkins et al. (1995), they concluded that chlorine
concentrations increase with agricultural activities. The highest
concentration was recorded at site 4a (upstream of Manang) at a
concentration of 0.800 mg/L. Free chlorine was not detected at any of the
sites on the Kali Gandaki River with the exception of site 7, the Tatopani
hot springs where 0.280 mg/L was measured. Chlorine is most commonly
used as a disinfectant in drinking water (WHO, 2011). It could also be the
result of domestic disinfectant, bleach, or chlorine containing soaps
(WHO, 2011). The concentrations present here are still within the
guideline value of 5mg/L (WHO, 2011).
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Figure 4 Results for concentration of free chlorine (mg/L) for the sites
along the Marshyangdi River
Iron is found in most natural fresh waters at concentration ranging from
0.5 to 50mg/L (WHO, 2011). The results for iron are presented in figure 5
below for the Marshyangdi River. Iron was detected at Sites 1a, 2a, 3b, 3a,
4, and 4a. The highest concentration on the Marshyangdi River was found
at site 3a (upstream of Tal) with a concentration of 1.410mg/L. The
concentrations of iron appear to be higher at the upstream sites of Tal and
Manang (Sites 3 and 4) than at the downstream sites. This indicates that
the variations are likely not related to inputs from villages but could be the
result of upstream agricultural activities. In a study by Jenkins et al.
(1995), they concluded that iron concentrations are increased by
agricultural activities. Iron was not detected at any sites along the Kali
Gandaki River with the exception of site 7, the Tatopani hot springs where
1.680 mg/L was measured. Iron does not have an established drinking
water guideline as it is not a health concern, in fact iron is an essential
element in human nutrition (WHO, 2011; Pant, 2011). High
concentrations of iron can have implications to the usability of the water
due to discolouration, metallic taste and odour, turbidity, and staining of
laundry (Pant, 2011).
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Figure 5 Results for concentration of iron (mg/L) for the sites along the
Marshyangdi River
The results for nitrite and nitrate are displayed below in figure 6. Nitrate
was not detected along the Kali Gandaki River and was only detected at
site 4 on the Marshyangdi River with a concentration of 0.6 mg/L. This
was not unexpected given the amount of algae growth found at site 4
(shown in figure 2). Nitrite was found at sites 3b, 3a, 4b, 4, 6a, 6b, and 7.
The sites along the Marshyangdi River have higher concentrations
detected at the downstream sites at Tal and Manang (Sites 3 and 4) when
compared to upstream values. This is expected at the Manang site given
the input from site 4 (figure 2) located downstream of site 4a and upstream
of site 4b. This could indicate that the variation in concentrations at each
site is related to the anthropogenic influences of these villages.
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Figure 6 Results for concentration of nitrite and nitrate (mg/L) for the sites
along the Marshyangdi River and the Kali Gandaki River
Nitrate is commonly found in the environment as it is an important
plant nutrient (WHO, 2011). However, nitrite is not normally present in
high or significant concentrations unless in a reducing environment
(WHO, 2011). Surface waters can be contaminated by forms of nitrogen
from the discharge of wastewater and drainage from agricultural land
applying inorganic fertilizer or manure (Viessman et al., 2009; WHO,
2011; WHO, 2011). Once this is present in the environment it is not easily
removed, thus it is best managed by reducing the amount that is released
into the environment (WHO, 2011). This can be done by controlling the
release of manure and better sanitation and sewerage handling. Excessive
nitrate found in water is of concern to infants because of
methemoglobinemia (Viessman et al., 2009). Adults who are healthy can
ingest large quantities of nitrate without any adverse effect (Viessman et
al., 2009). The WHO established guidelines for nitrate in drinking water is
50mg/L as a nitrate ion and 11mg/L as nitrate-nitrogen (WHO, 2011). The
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guideline for nitrite is 3mg/L as a nitrite ion and 0.9mg/L as nitritenitrogen. None of the sites measured above the drinking water guidelines
for nitrate or nitrite. It is important to note the most important source of
nitrate and nitrite exposure is through vegetables and meats in the diet
(WHO, 2011). Since river water is used for irrigation of crops and animal
drinking water this could be of concern.
Ammonia is a term that includes both the non-ionized (NH3) and
ionized species (NH4+). When ammonia dissolves in water a portion will
react to form ammonium ions (NH4+) and the remainder will be unionized
ammonia (NH3) (Viessman et al., 2009). The amount of both will depend
on the pH of the water (Viessman et al., 2009). Unfortunately, pH was not
obtained while in the field. This distinction between the two forms is
important for river water quality because the non-ionized form is toxic to
fish (Viessman et al., 2009). Ammonia originates in the environment from
agricultural. In natural surface waters, ammonia is usually found below
0.2 mg/L (WHO, 2011). Ammonia is a possible indicator of bacterial,
sewage and animal waste pollution and causes higher concentrations in
surface waters (WHO, 2011). All of the sampling locations have the same
value for Ammonia concentration 0.25 ppm except site 7, the Tatopani hot
springs where 1.0 ppm was detected. Ammonia was measured using API
Aquarium Pharmaceuticals® Ammonia aquarium test strips, which is
done by comparing the colour of your sample to a colour marker
indicating concentration. The options for colour matching were either 0 or
0.25. Therefore, the sample may not be exactly 0.25.
Figure 7 below shows the results found for hardness. Hardness in this
case refers to the analysis of both calcium (Ca) and magnesium (Mg).
Calcium and magnesium are both common inorganic ions found in natural
waters (Hemmond & Fechner-Levy, 2001). Overall the concentrations of
Ca and Mg are higher on the Kali Gandaki River than the Marshyangdi
River. The downstream sites do not appear to have higher concentrations
than the upstream sites. This indicates that the variations are more likely
the result of different local geology. The high concentrations of hardness
are most likely the result of calcium from the calcareous formations that
accompany the Central Himalayan Thrust (Jenkins et al., 1995).
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Figure 7 Results for hardness (Ca and Mg) (ppm) for the sites along the
Marshyangdi River and the Kali Gandaki River
Bacterial Parameters
The results of the presence/absence test for total coliforms and E.coli
revealed that all sites, with the exception of the downstream from low
camp site (site 5b), had total coliforms and E.coli present. The low camp
site is the most remote of all the sites tested. Total coliforms and E.coli are
used as indicator organisms for potential pathogens. These
microorganisms when present indicate that the water has been
contaminated with fecal matter and therefore may contain pathogens
(Viessman et al., 2009). The coliform group of bacteria lives within the
human and animal intestinal tract and is excreted in fecal matter in large
quantities of 50 million coliforms per gram (human) (Viessman et al.,
2009). Pathogenic organisms which cause entric diseases originate from
the feces of an infected person, therefore water contaminated with
coliforms can indicate a potential for pathogens to be present which could
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result in disease transmission (Viessman et al., 2009). Testing water for
indicator organisms is important because the greatest risk of microbes is
from drinking fecal contaminated drinking water (WHO, 2011). The
government of Nepal’s National Drinking Water Quality Standard, as
cited in Warner et al. (2007), says that both total coliforms and E.coli
should not be detected. In addition, the WHO states that water intended for
drinking contain no indicator organisms and that coliforms or E.coli must
not be present in a 100mL sample (WHO, 2011). The Colilert® test can
detect even one organism. This means that if even one organism managed
to contaminate the test bottle it would result in a false positive result. In
addition, there is a type of coliform bacteria that grow and reproduce on
organic matter outside of mammals not indicating a fecal origin (Veissman
et al., 2009). In this case total coliform positives were in combination with
positive results for E.coli, indicating it is more likely from fecal origin.
According to the Government of Nepal and the WHO this river water
would not be safe for consumption without some form of treatment to
remove indicator organisms and potential pathogens. In a paper by Baselli,
Caravello and Baroni (2005), water in upper mustang (directly upstream
from Kagbeni) showed fecal contamination, probably a result of animals,
lack of a sewerage system and effective disposal of wastewater. This
corresponds to the positive results for coliforms and E.coli found in this
study at Kagbeni.
In Nepal, water related diseases are the top leading diseases in the
country (Asian Development Bank, 2006). The rural population lacks
access to toilets and proper wastewater management (Asian Development
Bank, 2006). Management of human waste is the primary barrier to
preventing the spread of pathogens in the environment (Carr, 2001). This
is especially important because of the persistence of certain
microorganisms in the environment, E.coli for example is very persistent
in cold water and with poor light penetration (WHO, 2011). In the case of
the rivers studied here, the water was observed to be very cold and light
penetration would not be optimal given the amount of suspended solids in
the water. Studies have shown that when people have access to sanitary
technology the incidence of many diseases can be reduced (Carr, 2001).
Having access to facilities is not enough because it still depends on the
usage and adoption of technologies (Carr, 2001), therefore it should be
accompanied with education to explain the benefits. In the Sustainable
Development Plan for Manang and Mustang (NTNC, 2008a; NTNC
2008b) the issue that settlements lack proper sewerage systems was raised
(NTNC, 2008a). In Manang and Chame the water from households is
thrown onto streets, only 36 percent of households use toilets and 64
percent do not have toilets (NTNC, 2008a). In Marpha, Tukuche and
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Jomsom kitchen water is drained straight into the Kali Gandaki River
(NTNC, 2008b). Most of Upper Mustang do not have proper drainage and
sewerage facilities and some villages such as Marpha, have irrigation
channels to drain household wastes (NTNC, 2008b).
Conclusions
The results for the concentrations of aluminum, chlorine, and iron are
all higher at sites upstream from Tal and Manang than downstream. This
indicates that the variations at sites are likely not related to inputs from
villages but could be the result of geology or upstream agricultural
activity. Aluminum, chlorine, and iron were not found to be present on
any site along the Kali Gandaki River with the exception of the Tatopani
hot springs site.
Nitrite was detected at higher concentrations at sites downstream of
both Tal and Manang which could indicate an anthropogenic influence
from villages. Nitrate was only detected at site 4 (Manang) which also had
a high concentration of nitrite. Site 4 is where water entering the river
from Manang had algae growth, further indicating an anthropogenic
influence on stream chemistry. Nitrite is higher at the upstream Kagbeni
site than the downstream site which could be the result of agricultural
activity upstream. Ammonia was found to be approximately the same at
all sites with the exception of the Tatopani hot springs site.
The results for hardness (Ca and Mg) do not have higher concentrations
at downstream sites when compared to corresponding upstream sites and
overall concentrations are high. The variations here are most likely the
result of local geology differenced from the calcareous formations
associated with the Central Himalayan Thrust.
The results for total coliforms and E.coli indicate bacterial
contamination as they were found present at all but site 5b, which is the
most remote of the sites. This is most likely the result of poor sanitation,
lack proper sewerage systems, animal fecal matter and fertilizer for
agriculture.
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